anchor-based estimates we compared RBANS scores between the clinical dementia rating (CDR) scale no dementia and very mild dementia groups and between the clinical assessment of dementia (CAD) cognitively normal and mild cognitive impairment groups using regression models adjusting for demographic characteristics.
Introduction
The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was designed to identify and characterize abnormal cognitive decline in older adults (Randolph, 1998) . The RBANS has also been shown to be sensitive to detecting impairments in patients with mild cognitive impairment (MCI) (Badenes, Casas, Cejudo & Aguilar, 2008; Mahncke et al., 2006; Kotani et al., 2006) . The battery is comprised of 12 subtests that assess the domains of immediate and delayed memory, language, attention and visuospatial/construction (Randolph, 1998) . The concise structure of the RBANS and its ease of use make it an attractive tool for older patients compared to lengthier and more difficult neuropsychological assessments (Randolph, Tierney, Mohr & Chase, 1998) . These characteristics also make it a useful battery for clinicians evaluating elderly patients with abnormal cognitive decline. However, to date there is no direct clinical interpretation for the numerical scores derived from the RBANS that can be applied objectively and systematically in either a clinical trial or clinical practice setting.
Clinical trials that compare two groups of patients receiving different treatments or interventions conventionally report their results in terms of statistical significance, which is a mathematical way of expressing the likelihood that an observed difference is unlikely to have been caused by chance. However, statistical significance does not necessarily equate to clinical significance, which refers to the practical importance of the observed difference. Clinical significance also plays a role in interpreting results in clinical practice with regards to instruments such as the RBANS, which are based on summary scores across multiple dimensions. Interpreting results from such instruments can lack objectivity if clinicians must rely on personal experience with individual patients and populations (Hermes, Sokoloff, Stroup & Rosenheck, 2012) . The minimum clinically important difference (MCID) has been proposed as a more objective way of establishing clinical relevance to changes in standardized instrument scores such as the RBANS and can be used in assessing the effectiveness of a treatment. Guyatt, The MCID for the RBANS 4 Walter and Norman (1985) highlighted the importance of establishing the MCID of an instrument in order to assess the instrument's responsiveness to change. Since then there have been several proposed definitions of the MCID. The most quoted definition comes from Jaeschke, Singer and Norman (1989) who described it as "the smallest difference … which patients perceive as beneficial and which would mandate, in the absence of troublesome side effects and excessive cost, a change in the patient's management." MCID depends on patient populations, therefore there are often a range of estimates for a specific instrument (Revicki, Hays, Cella & Sloan, 2008) .
A number of methods have been established over recent years to estimate the MCID. Lydick and Epstein (1993) provided an important taxonomy for these methods: anchor-based methods and distribution-based methods. Anchor-based methods compare the standardized instrument scores to some external criterion, which may be clinician or patient rated such as the Clinical Dementia Rating (CDR) scale (Hughes, Berg, Danziger, Coben & Martin, 19820) .
Distribution-based methods estimate the MCID based on some measure of variability of the observed scores, such as the standard error of measurement (SEM), standard deviation (SD) or the effect size (Copay, Subach, Glassman, Polly & Schuler, 2007) . Copay et al. (2007) and King (2011) have both reviewed and summarized the most popular methods within these categories in use today. However, there is no clear consensus on the best estimation method and current best practice advocates the use of multiple methods to estimate the MCID (Guyatt, Osoba, Wu, Wyrwich & Geoffrey, 2002; Revicki et al., 2008) . Revicki et al. (2008) advised to base the MCID, "primarily on relevant patient-based and clinical anchors, with clinical trial experiences to further inform understanding", and that distribution-based methods should be used to "support and help interpret estimates from anchor-based approaches", or when no anchor-based estimates are available. This in turn was recommended by the US FDA in their guidance for industry on patient reported outcomes (Food and Drug Administration, 2009) (Dworkin et al., 2008) .
The MCID has already been established for a number of instruments based on summary scores across multiple dimensions similar to the RBANS. For example, Kohn, Sidovar, Kaur, Zhu & Coleman (2014) established a range of MCIDs using distribution based methods for the EuroQol 5-dimension (EQ-5D) health status index in persons with multiple sclerosis; and Y.T. Cheung et al., (2014) used both anchor and distribution based techniques to establish the MCID for the functional assessment of cancer therapy: cognitive function (FACT-Cog) in breast cancer patients. In a study that compared the English original versus the Chinese translation of a quality of life questionnaire, a distribution based approach was used to define a MCID as 0.25 SD (Cheung et al., 2004) . Having controlled for potential confounders, two physical wellbeing item scores were found statistically significantly different between respondents to the English and Chinese versions: one of them had a mean difference of 0.41 SD whereas the other only differed by 0.16 SD. The former was concluded as clinically significantly different between the two language versions but that latter was not.
The Singapore Longitudinal Ageing Study (SLAS-II) is an ongoing population based study of ageing, community dwelling adults in Singapore. The aim of this study was to estimate the MCID of the RBANS for each index score and the total scale score using both anchor and distributive-based techniques. As only cross-sectional data was available for the analysis, MCID estimates were based on between patient differences; estimates based on change over time within patient were not possible.
Methods

Sample
The design and methods of SLAS-II have been described previously (Lim, Collinson, Feng & Ng, 2010 (Hughes et al., 1982) , clinical and laboratory tests and a final panel review for diagnosis of Alzheimer's Disease (AD) or other dementias (Nyunt et al., 2013) . Feng, Chong, Lim and Ng (2012) have previously shown that 26 is the optimal cut-off on the local MMSE version for detecting early cognitive impairment. The small number of non-Chinese participants (Malays, Indians, and others) recruited into the SLAS-II study rendered inferences regarding ethnicity meaningless, hence they were excluded from this analysis. The study was approved by the National University of Singapore (NUS) Institutional Review Board (IRB).
Measures
The RBANS (Form A) was administered to the participants once in the language-dialect (English, Mandarin, Hokkien, Teochew or Cantonese) according to their dominant or habitual preference, by trained research nurses who were fluent in that particular language-dialect (Collinson, Fang, Lim, Feng & Ng, 2014) . Mandarin is the official Chinese language used in Singapore and China. Hokkien, Teochew and Cantonese are dialects commonly used in Singapore and southern China. The translation procedure by a committee of trained multilingual research psychologists has previously been described (Collinson et al., 2014) and the equivalence of these translated test scores to the original English version has been investigated and reported . Individual test performance was scored according to standardized instructions (Randolph, 1998) , except for the figure copy and figure recall subtests, which were scored according to the widely accepted, modified criteria, suggested by Duff et al. (2003) to give the 12 raw subtest scores. These 12 raw subtest scores were then standardized across age categories (54 to 59 years old, 60 to 64 years old, 65 to 69 years old, 70 to 74 years old and 75 years and above) using the means and standard deviations produced by Collinson et al. (2014) and then transformed to scores with a mean of 100 and standard deviation of 15. Collinson et al. (2014) also scored the individual test performance as per the standardized instructions proposed by Randolph (1998) , with the exception of the figure copy and figure recall subtest which used the modified criteria proposed by Duff et al. (2003) .
Population specific norms were used as opposed to the standard US norms due to evidenced differences in neuropsychological performance between Asian and Caucasian populations (Boone, Victor, Wen, Razani & Ponto´n, 2007; Fuji, 2010; Hedden et al., 2002; Shan, Chen, Lee & Su, 2008) . The five index scores (immediate memory, delayed memory, language, attention and visuospatial/construction) were then calculated by summing the transformed scores of the subtests that contribute to that specific index and taking the mean. The total scale score was derived by taking the mean of the sum of the five index scores. Higher scores on the five index scores and the total scale score indicated better performance.
The CDR is a semi-structured interview used to stage the severity of dementia covering the following domains: memory, orientation, judgement and problem solving, community affairs, home and hobbies, and personal care (Hughes et al., 1982) . It was originally developed for use in people with Alzheimer's but can be used to stage dementia in other illnesses. A translation into Chinese has previously been reported with details of cultural modifications (Li, Ng, Kua & Ko, 2005) . It is a five point scale where: 0 = no cognitive impairment; 0.5 = very mild dementia; 1 = mild dementia; 2 = moderate dementia; 3 = severe dementia. The CDR was
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A panel comprised of 2 geriatricians, 1 neuropsychiatrist, 1 psychiatric epidemiologist and 3 clinical assessors reviewed the CDR classification, the clinical history, physical examination and laboratory investigations results, and the brain MRI scans to make a unanimous diagnosis of mild cognitive impairment (MCI) or dementia according to published criteria (Nyunt et al., 20130; Petersen et al., 1999) . A diagnosis of cognitively normal was assumed for those with MMSE ≥ 26. This diagnosis is referred to as the clinical assessment of dementia (CAD) classification.
Statistical analysis
Participants were included in the analysis if they had completed all RBANS subtests and reported their age. Only RBANS assessments administered by a research nurse who conducted at least 10 RBANS interviews in both English and Chinese (Mandarin and/or dialects) were included. The latter inclusion criterion was intended to allow statistical control for prevention of interviewer effect that may confound the CDR (or CAD) comparison.
Demographic and baseline characteristics including gender, education level, language, CDR and CAD classification were summarized by counts and percentages; and continuous variables such as age, Geriatric Depression Scales (GDS), MMSE and physical activity scores were summarized by means and standard deviations (SD). The RBANS index scores and the total scale score were summarized by means and SDs across CDR classification and the CAD classification.
We have previously demonstrated that the different language-dialect versions of RBANS showed practically equivalent scores, with two exceptions: the attention index of the English language version was not equivalent to any of the Chinese language versions (Mandarin, Hokkien, Teochew or Cantonese), and the visuospatial/constructional index of the English language version was not equivalent to the Hokkien or Teochew language versions . Therefore, the RBANS attention index was summarized across each language and the visuospatial/constructional index was summarized by English, Mandarin and Cantonese combined and Hokkien and Teochew individually.
Distribution-based approaches. Distribution-based methods estimate the MCID based on some measure of variability of the observed scores (Copay et al., 2007) . In this study we examined the following:
(1) MCID calculated as the standard error of measurement (SEM). This is a measure of the variation in scores due to the unreliability in the scale used. A smaller difference or change in score than the SEM is likely to be due to measurement error. It was calculated as the standard deviation (SD) of the measure multiplied by the square root of 1 minus the measure's reliability coefficient:
where r is the reliability as measured by Cronbach's alpha for this analysis. It has been noted that the value of 1 SEM corresponded to the MCID value when defined with the classic anchorbased method (Wyrwich, Nienaber, Tierney & Wolinsky, 1999; Wyrwich, Tierney & Wolinsky, 1999 (2) MCID calculated using the standard deviation (SD) of the scores. SD is the variation among a group of scores. Norman, Sloan and Wyrwich (2003) found that the 0.5 SD corresponded to the MCID across a variety of studies.
Due to the non-equivalence of language versions previously discussed, we repeated each of the above distributional-based methods for each language individually for the attention index and the English, Mandarin and Cantonese combined and the Teochew and Hokkien individually for the visuospatial/constructional index.
Anchor-based approaches. We compared the RBANS index scores and total scale score of participants between the CDR no dementia group and the CDR very mild dementia group.
Additionally, we compared the RBANS scores between the CAD cognitively normal diagnosis group and the CAD MCI diagnosis group. Regression models for each of the five RBANS index scores and the RBANS total scale score were fitted to compare scores between no dementia (CDR=0) and very mild dementia (CDR=0.5) to establish each indexes' (or total scale score) MCID. To remove potential confounding by differences in demographic characteristics We repeated the above to compare the RBANS total scale score and index scores between those classed as cognitively normal and those as MCI according to the CAD classification.
All estimates of the MCID are given in the metrics of mean 100 and SD 15.
Results
Descriptive Summary
The sample consisted of 1,856 participants with complete RBANS data. The mean age of participants was 66.28 years (SD 7.54), they were predominantly female (62.77% compared to 37.23% males), with a fifth having received no formal education (18.48%) and just over twothirds (70.96%) receiving 10 years or less. Cantonese was the most common language preference (26.24%), closely followed by Mandarin (25.38%), English (21.66%), Hokkien (20.26%) and Teochew (6.47%). Mean GDS was in the normal range (0.72 SD 1.48).
CDR classification was available for 1,802 (97.09%) participants, the majority of which were classified as having no dementia (86.26%), with 9.48% having very mild dementia. There were no cases of severe dementia in the sample. CAD classification was available for 1,745 (94.02%) participants, with the majority being classified as cognitively normal (89.33%), 3.56% were given a diagnosis of MCI and 1.13% were given a dementia diagnosis (Table 1) .
Mean RBANS index scores and the total scale score decreased across all indexes as the CDR classification indicated increasing levels of cognitive impairment (Table 2) . Mean RBANS index scores and the total scale score decreased across all indexes as the CAD classification moved from cognitively normal, to mildly cognitively impaired through to dementia (Table 3) .
Minimum Clinically Important Difference
Distribution-based approach. The threshold according to the SEM approach for the total scale score was 5.26 and approximately 10 for each index; the exception was the threshold for the language index which was 14.84. The threshold estimated from the SD was approximately the same as the estimate from the SEM for the total scale score, whereas the estimates for the other indexes were at least one point smaller than the estimates from the SEM (Table 4) .
Anchor-based approach. The MCID estimates with the CDR classification (no dementia vs.
very mild dementia) were 7.79, 10.74, 8.63 and 9.74 for the total scale score, immediate memory index, language index and delayed memory index, respectively. The estimates for the visuospatial/constructional and attention indexes with language adjustment were somewhat smaller at 5.61 and 3.77, respectively (Table 5 ).
The MCID estimates with the CAD classification (cognitively normal compared to MCI) were 9.98, 12.16, 14.30 and 11.14, for the total scale score, immediate memory index, language index and delayed memory index, respectively. Again the estimates for the visuospatial/constructional and attention indexes were somewhat smaller at 6.88 and 4.58, respectively (Table 6 ). The estimates with the CAD classification were approximately no more than two points larger than the CDR estimates. The exception being the language index, which was over 5 points larger.
Overall. Figure 1 presents the estimates for the MCID for the immediate memory index, language index, delayed memory index and the total scale score according to each distributional and anchor-based approach. The anchor-based method using the CAD classification tended to give the largest estimate for the MCID and the distributional-based method using the SD gave the smallest estimate. The anchor-based method using the CDR classification and the SEM tended to be within 2 points of each other. Again, the exception to this was the language index where the SEM and anchor-based approach using the CAD gave the largest scores and the anchor-based estimate using the CDR and the distributional estimate using the SD gave the smallest. Estimates for each index tended to span a 5 point width across estimates.
Figures 2 and 3 present the estimates for the MCID for the indexes that did not achieve language equivalence, the visuospatial/constructional index and the attention index. The SEM approach produced the largest estimate for each index. The anchor-based approach using the CDR produced the smallest with the other two estimates (SD and anchor-based approach with CAD) falling within two points of it.
Discussion
The RBANS is a useful battery to evaluate elderly patients with abnormal cognitive decline in both clinical trials and clinical practice. However, to date there is no objective clinical interpretation for the numerical scores, therefore understanding the MCID in this assessment is critical in assessing the effectiveness of a treatment or clinical significance/patient relevance.
The aim of this study was to estimate the MCID of the RBANS for each index score and the total scale score, scored according to the widely accepted, modified criteria, suggested by Duff et al. (2003) . We used both anchor-based and distribution-based analytical techniques to obtain the estimates, which could be used to compare patient groups, in for example, a randomized clinical trial setting. The study used data from a large cohort, the SLAS-II population based study of ageing, community dwelling adults in Singapore.
All estimates of the MCID are given in the metrics of mean 100 and SD 15. For the RBANS indexes that previously demonstrated equivalence in scores across language versions, immediate memory, language and delayed memory, the anchor-based method using the CDR gave estimates for the MCID of 10.74, 8.63 and 9.74, respectively. The estimate for the MCID for the total scale score was slightly smaller at 7.79. The thresholds estimated from the SEM The MCID for the RBANS 14 calculation yielded similar values. The exception to this was for the language index where the SEM estimate was more in line with the CAD anchor estimate. Not unexpectedly the estimates from the CAD anchor gave marginally larger thresholds. This was expected since the CDR anchor examined change between cognitively normal and very mild cognitive impairment, whereas the CAD minimum threshold was between cognitively normal and MCI, which by definition describes a greater level of cognitive impairment and a greater decrease in RBANS scores would be expected in this group.
The two exceptions to the equivalence in scores across language versions were the visuospatial/constructional index and the attention index. For these indexes we found that the anchor-based method using the CDR gave estimates of 5.61 and 3.77 respectively, with the CAD estimates only marginally larger but the SEM calculation yielded estimates of approximately 10 points.
The estimates from the distribution-based methods were similar for the total scale score (5.26
for the SEM method and 5.39 for the 0.5*SD) and the delayed memory index (9.34 for the SEM method and 8.13 for the 0.5*SD). Mathematically, when the reliability measure for the index is 0.75 (a moderate level of reliability), these two methods exactly agree. Cronbach's alpha, the measure of reliability used in this study, was 0.76 and 0.67 for total scale and delayed memory index, respectively. Hence, the similarity between the MCID estimates from the two methods. The largest differences in estimates were for the language index and attention index, Lee et al., 2013; Lee et al., 2015) . This gives an indication of the changes one would expect to see in cognitively intact adults. Therefore, the larger estimates we obtained that distinguish between cognitively normal and very mild impairment are in keeping with these findings.
There were several limitations to this study. Secondly, there was only cross-sectional data available for the analysis, so MCID estimates were based on between patient differences; estimates based on within patient differences were not possible. Therefore, these estimates would be more suited to discriminate between patient groups rather than assessing response to treatment (Kohn et al., 2014) . For example, in a clinical trial setting where one is trying to determine if a statistically significant difference between treatment groups, is large enough to be considered clinically significant.
For the anchor-based estimates the use of mixed effects models, adjusting for differences in characteristics amongst participants and controlling for interviewer effects, would help reduce the risk of confounding i.e. a characteristic that may affect the RBANS scores other than the CDR (or CAD) classification. However, there may still be the risk of residual confounding Cheung, 2014) . Also, the anchor-based approaches were limited to the study population that was assessed using CDR (97.09%) and diagnosed according to the CAD criteria (94.02%).
Examination of the demographics found that those with missing CDR and CAD assessments were similar in terms of mean age and sex. However, a greater proportion of the non-completers had received no education (51.85% for the CDR and 52.73% for the CDR). The non-completers also had smaller mean MMSE scores for both the CDR and CAD (22.71 and 22.68, respectively). This raises the issue that our analysis is missing some of the participants with mild dementia. The distribution based estimates are concerned with the distribution of the RBANS scores, therefore by their very nature they do not account for any differences in characteristics amongst the participants. However, the distribution based estimates were similar to the anchor based estimates based on the CDR, which suggests that in this population it is mild dementia not age or education or gender that is the key determinant of RBANS.
Recruitment was conducted via door-to-door visits and specifically targeted senior activity centers, elderly day care centers, and elderly homes across different community neighborhoods in Singapore. This was to ensure that the sample population was truly representative of the target population, i.e., Singaporean, elderly population. Our sample age ranged from 54 to 94 years of age, and the sex, education profile of participants closely followed the distribution of the Singaporean population aged over 55 years, according to the 2010 Singapore Census.
However, one must also note that the use of a Singaporean population and use of Singaporean population norms for scoring the RBANS likely limits the generalizability, although Singapore normative data may have applicability to ethnic Chinese living outside of Asia.
In conclusion, based on current guidance we estimate the MCID to be 8 points for the RBANS total scale score, 9 points for the language index, 10 points for the RBANS immediate memory and delayed memory indexes and 6 and 4 points for the RBANS visuospatial/constructional and attention indexes, respectively. We recommend that the MCIDs estimated here are best suited to discriminate between patient groups, in for example, a clinical trial setting. At present, clinicians can use RBANS scores in clinical practice along with their judgment based on their clinical experiences. Further research is needed using longitudinal data to assess their applicability to assess within patient differences.
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